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PREFACE

This report is prepared under guidance contained in the
Recommended Guidelines for Safety Inspection of Dams for
Phase I investigations. Copies of these guidelines may
be obtained from the Department of the Army, Office of
Chief of Engineers, Washington, D.C. 20314.

The purpose of a Phase I investigation is to identify
expeditiously those dams which may pose hazards to human
life or property. The assessment of the general condi-
tion of the dam is based upon visual observations and
review of available data. Detailed investigations and
analyses involving topographic mapping, subsurface
investigations, materials testing, and detailed computa-
tional evaluations are beyond the scope of a Phase I
investigation; however, the investigation is intended
to identify the need for such studies which should be
performed by the owner.

In reviewing this report, it should be realized that
the reported condition of the dam is based on observa-
tions of field conditions at the time of inspection
along with data available to the inspection team. In
cases where the reservoir was lowered or drained prior
to inspection, such action, while improving the stabil-
ity and safety of the dam, removes the normal load on
the structure and may obscure certain conditions which
might otherwise be detectable if inspected under the

normal operating environment of the structure.

It is important to note that the condition of the dam
depends on numerous and constantly changing internal and
external factors which are evolutionary in nature. It
would be incorrect to assume that the present condition
of the dam will continue to represent the condition of
the dam at some time in the future. Only through
frequent inspections can unsafe conditions be detected
and only through continued care and maintenance can
these conditions be prevented or corrected.

Phase I investigations are not intended to provide de-
tailed hydrologic and hydraulic analyses. In accordance
with the established Guidelines, the spillway design
flood is based on the estimated "Probable Maximum Flood"

(PMF) for the region (greatest reasonably possible storm
runoff), or fractions thereof. The spillway design
flood provides a measure of relative spillway capacity
and serves as an aid in determining the need for more
detailed hydrologic and hydraulic studies, considering
the size of the dam, its general condition, and the
downstream damage potential.
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PHASE I INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM

SYNOPSIS OF ASSESSMENT AND RECOMMENDATIONS

NAME OF DAM: Colonial No. 3
STATE LOCATION: Pennsylvania
COUNTY LOCATION: Fayette
STREAM: Washwater Run, a tributary of

Redstone Creek
DATE OF INSPECTION: 31 October 1979
COORDINATES: Lat. 40* 00' 09"

Long. 790 45' 37"

ASSESSMENT

Based on a review of available design information,
visual observations of conditions as they existed on
the date of the field inspections, and hydrologic and
stability calculations, the general condition of the
Colonial Dam No. 3 is considered to be poor.

This assessment is based on:

1. Observation that the gravity dam structure has
been partially breached at the right abutment.

2. Observations that physical deterioration of the dam
and outlet works is significant.

3. Hydrologic/hydraulic calculations that indicate
that the overflow crest has an "inadequate" discharge
capacity.

The structure is classified as a "small" size, "signifi-
cant" hazard dam. Corps of Engineers guidelines recom-
mend a one hundred year flood to 1/2 the Probable
Maximum Flood (PMF) for a "small" size, "significant"
hazard dam. Colonial Dam No. 3 has a Spillway Design
Flood of 1/2 the Probable Maximum Flood (PMF). Spillway
capacity is "inadequate" because the non-overtopping
flood discharge capacity, as estimated using the HEC-I
computer program, was found to be 0.09 PMF for an
unbreached condition. The existing, breached condition,
was not analyzed but is assessed to be hydrologically
better than the unbreached condition.

ii
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SYNOPSIS OF ASSESSMENT AND RECOMMENDATIONS (CONT'D)
Colonial Dam No. 3

RECOMMENDATIONS

1. Additional Investigations: Immediately retain a
professional engineer knowledgeable in dam design and
construction to:

a. Perform a detailed hydrologic/hydraulic
analysis of the reservoir and dam and make recommenda-
tions on increasing the capacity of the system to make
it adequate.

b. Investigate the operability of the outlet
works and provide recommendations on repair requirements.

c. Provide recommendations on improving the
physical condition of the deteriorated gravity dam and
right abutment.

2. Emergency Operation and Warning Plan: Concurrent
with the additional investigations recommended above,
the owner should develop an Emergency Operation and
Warning Plan including:

a. Guidelines for evaluating inflow during
periods of heavy precipitation or runoff.

b. Procedures for around the clock surveil-
lance during periods of heavy precipitation or runoff.

c. Procedures for drawdown of the reservoir under
emergency conditions.

d. Procedures for notifying downstream residents
and public officials, in case evacuation of downstream
areas is necessary.

3. Inspection and Maintenance: The owner should
immediately develop and implement formal inspection and
maintenance procedures.

I iii



SYNOPSIS OF ASSESSMENT AND RECOMMENDATIONS (CONT'D)
Colonial Dam No. 3

4. Orderly Breaching: In lieu of performing the above
recommendations, the owner should engage the services of
a professional engineer, knowledgeable in dam design and
performance, to prepare specifications for completely
breaching the structure, to make it incapable of impounding
water. The structure should then be breached under the
direction of the professional engineer, in accordance
with applicable state and local regulations.
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PHASE I INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM

COLONIAL DAM NO. 3
NATIONAL I.D. NO. PA 00209

PennDER No. 26-22

SECTION 1
PROJECT INFORMATION

1.1 GENERAL

a. Authority: The Phase I investigation was
performed pursuant to authority granted by Public Law
92-367 (National Dam Inspection Act) to the Secretary of
the Army through the Corps of Engineers, to conduct
inspections of dams throughout the United States.

b. Purpose: The purpose of the investigation is
to make a determination on whether or not the dam
constitutes a hazard to human life or property.

1.2 DESCRIPTION OF PROJECT

a. Dam and Appurtenances:

(1) Concrete Gravity Dam: Colonial Dam No. 3
is a reinforced concrete, gravity type dam, 28.5 feet
high and 161 feet long. The upstream face is vertical
and the downstream face is 1H:2V. The dam crest is 5
feet wide at Elev. 924 and contains a 2.5 foot high by 2
foot wide concrete parapet which is discontinuous across
the crest. The missing sections of parapet are 39.7 feet
and 13.4 feet in length and allow normal and storm flows
to discharge over the dam crest. Discharge is to the
bedrock streambed below.

(2) Outlet Works: The outlet works consists
of an 18 inch diameter cast iron pipe that is controlled
on the upstream face by a 2.5 foot square, inoperative,
sluice gate. The pipe branches downstream of the dam
into a 12 inch pond drain and an 8 inch water supply
pipeline which is now disconnected.

(3) Downstream Conditions: Washwater Run
flows through a narrow, uninhabited, and steep-sided
valley. Approximately 2,000 feet below the dam, the Run
passes through a large culvert beneath a railroad
embankment and discharges to Redstone Creek.
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b. Location: Colonial Dam No. 3 is located in
Jefferson Township, Fayette County, Pennsylvania,
approximately one mile east of Grindstone and 0.8 miles
north of Rowes Run. The dam is situated across Washwater
Run, which is tributary to Redstone Creek, which is
tributary to the Monongahela River at Brownsville,
Pennsylvania.

c. Size Classification: The dam has a maximum
storage capacity of 23 acre-feet and a toe to crest
height of 28.5 feet. Based on Corps of Engineers
guidelines, this dam is classified as a "small" size
structure.

d. Hazard Classification: Colonial Dam No. 3 is
a "significant" hazard dam. In the event of catastrophic
failure of the dam, it is unlikely that the railroad
embankment and the few dwellings along Redstone Creek
below would suffer great damage or loss of life would
result.

e. Ownership: Colonial Dam No. 3 is owned by
the Redstone Water Company. Correspondence can be
addressed to:

Redstone Water Company, Inc.
Box 548
California, Pennsylvania 15419
Attention: Mr. Edward Yablonski
412-938-9164

f. Purpose of Dam: Colonial Dam No. 3 was
originally constructed to provide water for industrial
use by the Pittsburgh Coal Company. It was subsequently
sold to the Redstone Water Company to supply water for
residential and domestic use. The reservoir is not
now used for water supply purposes and its current use
is unknown.

g. Design and Construction History: The dam was
designed in 1907 by E. J.Taylor, Chief Engineer and
Construction Supervisor for the Pittsburgh Coal Company.
It was constructed by Maynard and Flynn, Contractors, of
Pittsburgh, Pennsylvania in 1907.

h. Normal Operating Procedure: Colonial Dam
No. 3 was designed to operate as an uncontrolled struc-
ture. Under normal operating conditions, the pool level
is maintained at Elev. 924.1 by the crest of the concrete
gravity dam.
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1.3 PERTINENT DATA

a. Drainage Area: 1.5 sq. miles

b. Discharge at Dam Facility:

Maximum Known Flood at Dam 600+ cfs*

Facility (flood of 4 June T941)
Overflow Crest 280 cfs

c. Elevation (Feet Above MSL)*

Constructed Top of Dam (Parapet) 926.5*
Design Highwater 926.5*
Normal Pool (Unbreached) 924.1
Overflow Crest 924.1
Upstream Invert of Outlet Pipe 899.2*
Maximum Tailwater Unknown
Downstream Toe 898.0

d. Reservoir Length:

Length of Maximum Pool 500 feet
Length of Normal Pool 450 feet

e. Total Storage:

Constructed Top of Dam 26 acre-feet
Design Highwater 26 acre-feet
Overflow Crest 23 acre-feet*
Normal Pool Level 23 acre-feet

f. Reservoir Surface:

Constructed Top of Dam 2 acres
Design Highwater 2 acres
Overflow Crest 1.5 acres
Normal Pool 1.5 acres'

g. Dam:

Type Reinforced Concrete, Gravity
Length 161 feet
Height 28.5 feet
Top With
At Crt,.t 5 feet
At Top of Parapet 2 feet

Slopes
Upstream Vertical
Downstream 1H:2V

Cutoff Provisons Grouted Foundation*
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h. Outlet Works::

Type 18 inch diameter
cast iron pipe'

Upstream Control 2.5 foot square
sluice gate*

Outlet Branch to 12 inch diameter
pond drain and 8 inch
diameter water supply pipe

Gate Valves Both branches, downstream
(neither observed)

i. Overflow Crest:

Discharge Sections are broad crested weirs:

(1) 39.7 feet long at Elev. 924.1
(2) 13.5 feet long at Elev. 924.2
(3) 5.5 feet long at Elev. 925.5

I

'Taken or derived from original design drawings or
design information in PennDER files.
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SECTION 2
ENGINEERING DATA

2.1 DESIGN

a. Data Available: The following written
information and data may be obtained from the Pennsyl-
vania Department of Environmental Resources, Harrisburg,
Pennsylvania. The information was reviewed for this
study.

(1) A design drawing, dated 8 August 1907,
showing elevations and sections of the proposed dam and
additional notes related to construction changes and
subsequent dam modifications.

(2) Two "Reports Upon the H.C. Frick
Coke Company's Dam" dated 25 June 1914 (draft) and 20
October 1914.

b. Design Features:

(1) Foundation: The dam was founded on
sandstone bedrock, except near the crest, where shale
was encountered. Bedrock was removed to an "average"
depth of 2.5 feet and was reported to be quite dry and
massive. Before construction of the dam, three irregularly
spaced 3 inch diameter holes were drilled to a depth of
18 inches, tall pipes were inserted and the foundation
was grouted with liquid grout under pipe head. The
pipes were later encased in the concrete of the dam.

(2) Gravity Dam: The gravity dam was designed
by E. J. Taylor of the Pittsburgh Coal Company in
1907. The dam had a two foot thick base slab 23 feet
long and 39 feet wide (cross valley). The remainder of
the dam, without base slab, was step-keyed into the
abutment rock. The dam design called for a 5 foot
wide crest, vertical upstream face, downstream face
sloping at 1H:2V and a concrete parapet 18 inches high
by two feet wide on the crest. The parapet had a 25
foot wide opening to allow normal and storm flow discharges.
The concrete was to be reinforced with three inch
square, 8 gage, wire mesh. The wire mesh sheets were to
be placed adjacent to the dam surfaces and lapped one
foot.

-5
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(3) Outlet Works: An 18 inch diameter
cast iron outlet pipe was designed and was to be
controlled on the upstream face by a 30 inch square
sliding gate. Downstream, the pipe branched into eight
inch and twelve inch lines, each with gate valve. The
12 inch line was a pond drain and the eight inch line
was to supply water to the Colonial No. 3 mine.

2.2 CONSTRUCTION

a. Contractor: The dam was constructed for the
Pittsburgh Coal Company by Maynard and Flynn, Contractors,
of Pittsburgh, Pennsylvania in 1907. The work was
performed under the direction of Ernest G. Taylor.

b. Field Changes: According to correspondence
cited in Sectio 2.a(2), that portion of the dam below

J the top of rock was made 3 feet wider than originally
planned by stepping out 1 foot at the heel and 2 feet at
the toe.

The dam was constructed to Elev. 925.5 instead Elev. 930
as originally intended.

2.3 MODIFICATION/REPAIR
a. 1908: One foot of concrete was added to the

top of the parapet, bringing the dam top elevation to
926.5.

b . 1912: Following the storm of July 1912, when
the dam was overtopped and the sides were washed out
to bedrock, several corrective measures were undertaken.

(1) The reservoir was drained and all
cracks on the upstream face were raked out and carefully
pointed with a cement mortar and the entire upstream
face was plastered with mortar.

(2) Extra masonry was placed on the dam's
downstream face bringing the outline to the dimensions
originally contemplated.

(3) Concrete blocks were placed along the
downstream abutments to break the force of any water
that might overflow the parapet.

(4) A portion of the dam was cut away and
rebuilt about one foot deeper into the hillside.

-6-



(5) The length of the original overflow crest
was increased from 25 feet to 39.7 feet by cutting out a
portion of the concrete parapet.

(6) An additional spillway of 13.4 feet was
cut out of the concrete parapet on the right side of the
crest.

c. 1919: During the summer, holes were drilled
into the dam and cement grout was forced into the
concrete under pressure, stopping all leakage at the
horizontal construction joints.

2.4 OPERATION

According to the Pennsylvania Department of Environmental
Resources, the Redstone Water Company is responsible for
operation of Colonial Dam No. 3.

The overflow crests are uncontrolled and performance and
operation records are not maintained. The outlet works
is not currently in use.

2.5 EVALUATION

a. Availability: Available design information
and drawings were obtained from the Pennsylvania
Department of Environmental Resources.

b. Adequacy: The available design information
supplemented by field inspections and supporting engi-
neering analyses in succeeding sections, is adequate for
the purpose of this Phase I inspection report.

c. Validity: Based on the available data, there
appears to be no reason to question the validity of the
available design information and drawings.
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SECTION 3
VISUAL INSPECTION

3.1 FINDINGS

a. General: The visual observations of Colonial
Dam No. 3 and reservoir were performed on 31 October
1979, and consisted of:

(1) Visual observations of the concrete
gravity dam and abutments.

(2) Visual observations of exposed sections
of the outlet works.

(3) Visual observations of downstream
conditions and evaluation of the downstream hazard
potential.

(J4) Visual observations of the reservoir
shoreline and inlet stream channel.

(5) Transit stadia survey of relative
elevations along the dam crest centerline.

The visual observations were performed when the reservoir
was below normal pool operating level due to an erosional
breach at the right abutment. Tailwater conditions were
normal.

The field plan, elevation, dam crest profile, and
section and the visual observations checklist containing
the observations and comments of the field inspection
team are contained in Appendix A. Specific observations
are illustrated on photographs in Appendix C. Detailed
findings of the visual inspection are presented in the
following sections.

(1) Configuration: The impounding structure
is a concrete gravity dam with a vertical upstream face,
steeply sloping downstream face, and an irregular crest
profile developed to provide storm flow discharge
capacity. A field plan, elevation, crest profile and
section are included in Appendix A. At the time of the
visual inspection, a breach was observed between the
dam and the right abutment, that had lowered the reser-
voir pool approximately two feet below the normal



operating pool level. The inlet to the breach was
clogged with debris that appeared to maintain the
reservoir pool at a higher level than would have
been possible with an unclogged breach. The breach was
approximately eight feet wide at the top.

A grout pipe was observed near the downstream edge of
the crest, approximately 50 feet right of the left
abutment. Two steel Z's were attached, vertically, to
the upstream face of the dam, about 70 feet right of the
left abutment.

No evidence was found of reported concrete stilling
blocks on the downstream abutments or the "extra masonry"
splash pad placed on the downstream toe in 1912.

(2) Condition of Concrete: The impounding struc-
ture was observed to contain significant cracking of the
parapet, significant spalling of concrete surfaces, and
significant spalling and deterioration of construction
joints. The downstream face of the dam had considerable
moss, grass, and small trees growing.

No major structural cracks were observed.

(3) Vertical and Horizontal Alignment: No
evidence was observed to indicate adverse vertical or
horizontal movement of the dam. The crest was found by
survey to be level and no skewing or offsets were
observed. No evidence of tilting was observed.

(4) Seepage: Several seeps and considerable
wetting were observed on the downstream face of the
dam, particularly in the central portion of the struc-
ture. In general, the wet conditions were observed
beginning at the approximate elevation of the water line
on the upstream side and extended to the foundation.
The seeping water appeared to be primarily associatedwith construction joint systems.

Three large seeps with flows estimated at five gallons
per minute (gpm) each were observed about six feet below
the dam crest near the toe of the dam on the left
abutment.

(5) Foundation: The impounding structure is
founded on bedrock which appeared to be a competent,
fine grained sandstone. The portions of dam/foundation
contact that were observed appeared tight and did not
appear to be leaking.

-9-
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(6) Abutments:

Left: The left abutment is a relatively
steep, natural hillside which was heavily wooded upstream
and downstream of the dam. No springs or seeps were
observed in the abutment downstream of the dam, although
a dense ground cover of leaves and brush may have
obscured such observations.

A bedrock outcrop near the stream bed just below the
toe of the dam was wet, but no flowing water was observed. r

Right: The right abutment had generally
the same conditions as the left abutment with respect to
slope and cover. However, severe erosion of soil and
rock has occurred in and just downstream of the breach
described earlier. Normal inflow to the reservoir now
passes into the breach, beneath the undercut right end
of the dam, and is directed along the dam toe to the
original creek channel below.

(7) Overflow Section: Under normal (unbreached)
operating conditions, inflows to the reservoir are dis-
charged over the dam crest, through the rectangular
openings in the parapet. No other spillway facility was
observed.

c. Outlet Works:

(1) Pond Drain: A 12 inch (nominal) diameter
cast iron pipe pond drain outlets to the original Wash-
water Run channel just below the toe of the dam. The
downstream end of the pipe was broken, badly deteriorated
and dirt clogged. The concrete encasement around the
pipe extending beyond the dam structure was also badly
deteriorated and no flow control devices were observed.
No discharge was observed.

The inlet end of the pipe was not observed due to the
reservoir pool level. However, the two steel sluice
gate slides on the upstream face of the dam were badly
rusted.

(2) Water Supply Pipe: An eight inch (nominal)
diameter cast iron water supply pipe was observed to
pass through the dam immediately above the pond drain
pipe. The eight inch pipe extended downstream several
feet past the pond drain discharge point, but terminated
at an open end condition. No flow controls were observed
downstream of the dam and no water was discharging from
the end of the pipe.

-10-



d. Instrumentation: No instrumentation was

observed during the visual inspection.

e. Reservoir:

(1) Slopes: The reservoir slopes were
observed to be generally steep and densely wooded. No
recent shoreline slope instability was noted.

(2) Sedimentation: The upper end of the
reservoir was silted in, but was covered with dense
brush.

Water depth measurements along the upstream face
of the dam indicated a sediment level four feet below
the water surface.

(3) Watershed: Conditions in the watershed
did not appear to be significantly different from those
indicated on the U.S.G.S. 7-1/2 minute quadrangle. The
watershed is mostly farm and woodland and no mining or
major construction operations were observed.

f. Downstream Channel:

(1) Flow Conditions: The downstream channel
in the first 2,000 feet below the dam, lies in a narrow,
steep-sided valley, that is heavily wooded. The channel
has a very rough bedrock bottom, undergoes several
turns, and is generally clogged with down timber and
debris.

Several hundred feet downstream of the dam there is a
twelve to fifteen foot high waterfall in Washwater Run.
The waterfall appeared to be the result of erosion
rather than differential bedrock displacement.

(2) Railroad Embankment: A railroad embank-
ment crosses the mouth of Washwater Run valley at the
confluence with Redstone Creek. A concrete and masonry
culvert transports the Run beneath the embankment. The
culvert's controlling cross section is half an ellipse
with a minor radius of five feet horizontally and a
radius of seven feet vertically. The embankment is
about 26 feet high, has a crest width of more than 30
feet, and contains a single railroad track and a gravel
surfaced access road.

I -11-



(3) Flood Plain Development: The first
inhabited dwelling below Colonial Dam No. 3 lies on the
floodplain of Redstone Creek at Rowes Run, about
2,500 feet below the dam. At least four inhabited
dwellings lie on the flood plain in the first 6,000 feet
below the dam. All the dwellings appeared to be more
than four feet above the base of the Redstone Creek
channel.

3.2 EVALUATION

a. Impounding Structure: The concrete gravity
dam is considered to be in poor condition. This is
based on the observed breach at the right abutment and
the general condition of the structural concrete,
particularly spalling at construction joints and deter-
ioration of the parapet and crest. Significant seepage
on the downstream face indicates water passages through
the dam. Vertical and horizontal alignments appeared
satisfactory and no tilting or skewing of the dam was
noted. No major structural cracks were observed.

b. Right Abutment: The right abutment is con-
sidered to be in poor conditon because of significant
erosion due to water flowing in the breach. The base of
the breach channel is on bedrock, but the sides consisted
of barren, steep soil slopes. Continued, detrimental
erosion can be anticipated.

c. Outlet Works: The outlet works are considered
to be in poor condition. This is based on observed
deterioration of pipes and sluice gate slides. Sluice
gate operating controls or other valves were not observed.

d. Sedimentation: The reservoir was observed
to be significantly silted; only four feet of standing
water was observed at the dam.

e. Downstream Conditions: In the judgement of
the evaluating engineer, the observed downstream conditions
indicate that the hazard classification for Colonial Dam
No. 3 is "significant". This is based on field observa-
tions of the downstream railroad embankment's height,
crest width, and culvert capacity, and Redstone Creek
floodplain development conditions. It was felt that
even a catastropic failure of Colonial Dam No. 3 would
not cause a catastropic failure of the railroad embank-
ment. Rather, the railroad embankment culvert would
throttle and control the discharge to Redstone Creek.

-12-
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SECTION 4
OPERATIONAL FEATURES

4.1 PROCEDURE

Reservoir pool level is maintained by the uncontrolled
concrete overflow crest of the gravity dam. Normal
operating procedure does not require a dam tender.

When used for water supply purposes, the outlet works is
normally open and discharge is to the 8 inch diameter
cast iron water supply pipe. A gate valve (not observed)
controls flow from the 12 inch diameter pond drain.

The water supply system is not now in use and flow
controls are closed.

4.2 MAINTENANCE OF DAM AND OPERATING FACILITIES

Colonial Dam No. 3 and appurtenances are not maintained.

4.3 INSPECTION OF DAM

The Redstone Water Company is required by the State of
Pennsylvania to inspect the dam annually and make needed
repairs.

4.4 WARNING SYSTEM

There are no warning systems or formal emergency proce-
dures to alert or evacuate downstream residents upon
threat of a dam failure.

4.5 EVAULATION

There are no written operation, maintenance or inspection
procedures, nor is there a warning system or formal
emergency procedure for this dam. These procedures
should be developed in the form of checklists and step
by step instructions, and should be implemented as
necessary.
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SECTION 5
HYDROLOGY AND HYDRAULICS

5.1 EVALUATION OF FEATURES

a. Desig~n Data: Colonial Dam No. 3 has a
watershed of 960 acres which is vegetated primarily by
woodland and farmland. The watershed is about two miles
long, one mile wide and has a maximum elevation is 1,2140
feet above Mean Sea Level (MSL). At normal pool, the
dam impounds a reseryvoir with a surface area of 1.5
acres and a storage volume of 23 acre-feet. Normal pool
elevation was maintained at Elev. 9214.1 by the overflow
crest, prior to partial breaching.

According to Penn DER files, the overflow crest capacity
was made sufficient to accommodate 506 cubic feet per
second per square mile which was considered adequate for
this structure and watershed. The Colonial Dam No. 3
capacity for the observed cross section and existing
freeboard condition was computed to be 280 cfs. No
additional hydrologic calculations were found relating
reservoir/spillway performance to the Probable Maximum
Flood or fractions thereof.

b. Experience Data: Continuous records of
reservoir level or rainfall amounts are not kept.
Records of the structure being overtopped include a flow
depth of 0.5 foot in July 1912 and a depth of 1.1 feet

during the storm of 4 June 1941.

C. Visual Observations: On the date of the field
reconnaissance, severe deterioration of the concrete
overflow sections was observed. An 8 foot wide erosion

bbreach was observed in the right abutment. In order to
perform the HEC-1 analysis, it was assumed that this
condition was repaired and the structure performed as
designed. This assumption was made because the repaired
condition is considered to be hydrologically more unsafe
than the existing breached condition.

d. OvertoppingPotential: Overtopping potential
was investigated through the development of the Probable
Maximum Flood (PMF) for the watershed and the subsequent
routing of the PMF and fractions of the PMF through the
reservoir and overflow crest. The Corps of Engineers
guidelines recommend the 100 year flood to 1/2 the PMF

J for "small" size, "significant" hazard dams. Based on
the observed downstream conditions, Colonial Dam No. 3
has a Spillway Design Flood (SDF) of one half PMF.

-114-



Hydrometeorological Report No. 33 indicates the adjusted
24 hour Probable Maximum Precipitation (PMP) for the
subject site is 19.4 inches. No calculations are
available to indicate whether the reservoir and overflow
crest are sized to pass a flood corresponding to 9.7
inches of rainfall in 24 hours (1/2 PMP). Consequently,
an evaluation of the reservoir/overflow crest system was
performed to determine whether the overflow crest
capacity is adequate under current Corps of Engineers
guidelines.

The Corps of Engineers, Baltimore District, has directed
that the HEC-I Dam Safety Version computer program be
utilized. The program was prepared by the Hydrologic
Engineering Center (HEC), U.S. Army Corps of Engineers,
Davis, California. The major methodologies and key
input data for this program are discussed briefly in
Appendix D.

The peak inflow to Colonial Dam No. 3 for the SDF was
determined by HEC-i to be 1637 cfs.

e. Adequacy: For the design condition (without
breach), the capacity of the combined reservoir and overflow
crest system was determined to be 0.09 PMF. An initial
pool elevation of 924.1 was assumed prior to commencement
of the storm. According to Corp of Engineer's guidelines,
Colonial Dam No. 3 overflow crest capacity is "inadequate."

At 0.50 PMF, the Colonial Dam No. 3 parapet is overtopped
by 1.18 feet of water for a duration of 10 hours (unbreached
condition).
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SECTION 6
STRUCTURAL STABILITY

6.1 AVAILABLE INFORMATION

a. Visual Observations: On the date of the field
reconnaissance, four observations were made that
are significant to an evaluation of the structural

stability of Colonial Dam No. 3. These observations
are:

(1) Extensive erosion of the right abutment
(breach) that has reduced the effective foundation
contact area of the dam.

(2) Extensive leakage on the downstream
face of the dam, particularly in the area of construction
joints, that indicates the existence of openings through
the dam.

(3) A considerable accumulation of silt in
the reservoir.

(4) Lack of a concrete "batter" at the toe of
the dam that was reported to have been placed in 1912.
The observed downstream dam slope was more or less
constant from crest to toe at 1H:2V.

b. Design and Construction Data: Available
design and construction data pertinent to the structural
stability of the dam includes:

(1) The drawing referenced in Section 2.1a(I)
above and reproduced as Plate III in Appendix E.

(2) Reports in the correspondence that the

dam foundation was cement grouted under low head during
construction and that the dam itself was grouted in 1919
to seal leaks.

c. Performance Data: According to information
in the PennDER files, Colonial Dam No. 3 has been
overtopped without failure, twice in its lifetime - by
0.5 foot in July 1912 and by 1.1 feet on 4 June 1941.
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d. Previous Stability Analysis: A comprehensive
stability analysis of the dam was performed by engineers
of the Department of Forest and Waters in 1914. The
analysis evaluated both overturning and sliding stability
and was presented in the reports referenced in Section
2.1a(2) above. Results of the analysis and two pages of
supporting calculations, also obtained from PennDER
files, are contained in Appendix G.

6.2 STABILITY ANALYSIS

a. General: An analysis of sliding and overturning
stability was performed to evaluate the dam for existing
conditions.

b. Assumptions:

(1) The right abutment breach length is not
affected by uplift pressures and offers no sliding or
passive resistance.

(2) The unit weight of wire mesh reinforced
concrete is 145 pcf.

(3) Sediment behind the dam has a total unit
weight of 80 pcf, an effective angle of internal friction
of 30, and no cohesive strength.

(4) The foundation bedrock has a total unit
weight of 140 pcf, an effective angle of internal
friction of 45 ° , and no cohesive strength.

(5) The coefficient of friction between mass
concrete and clean bedrock is 0.70 (Ref. NAVFAC-DM7,
Table 10-1).

(6) Weight and drag forces caused by the
flow of water over the dam are negligible.

(7) Foundation uplift pressure varies linearly
from a maximum of 100 percent hydrostatic at the upstream
edge of the dam to zero at the downstream edge.

(8) Rankine empirical formulas are applicable
for determining passive and active lateral earth pressures
for the downstream rock key and reservoir sediment,
respectively.

-17-
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(9) The dam is keyed 2.5 feet into rock.

(10) The breach will be debris clogged during
large meteorological events, such that unbreached
reservoir pool levels will exist.

c. Sliding Stability: Sliding stability of the
existing dam configuration was analyzed for static T
conditions to estimate the amount of cohesion required
between the dam and foundation to give a safety factor
(SF) against sliding of 3. The dam was analyzed as a
three dimensional, rigid body to more accurately charac-
terize the relationship between driving and resisting
forces. The pool level associated with the SDF (Elev.
927.7) was employed in the analysis. To achieve a SF of
3, it was determined that a cohesion of 20 psi, acting
over the unbreached portion of the foundation, is
required. The calculations are contained in Appendix G.

d. Overturning Stability: Overturning stability
of the existing dam was analyzed for static and seismic
conditions using a two dimensional rigid body model (one
foot wide section).

For static conditions and the SDF pool level (Elev.
927.7), the safety factor against overturning was found
to be 1.11 and the resultant force was located 2.2 feet
upstream of the downstream toe of the dam. Since the
base third point is 6.7 feet upstream of the downstream
toe, the toe stress condition was evaluated and found to
be 4.3 tons per square feet (TSF).

Corresponding conditions were analyzed for a seismic
load equivalent to a static horizontal load of 0.025g
(Zone I condition). The safety factor against overturn-
ing was determined to be 1.09 and the resultant force
was located 1.8 feet above the downstream toe. Accord-
ingly, the toe stress was analyzed to be 5.4 TSF.

6.3 EVALUATION OF STRUCTURAL STABILITY

a. Sliding Stability: Colonial Dam No.3 is
considered to have an adequate margin of safety against
sliding. This is based on the analysis indicating that
a dam/foundation cohesion of 20 psi is necessary to
achieve a sliding factor of safety of three. A dam/foun-
dation cohesion of this magnitude is considered to be
reasonable based on visual observations and general
experience.
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a. Overturning Stability: Colonial Dam No. 3 is
considered to have an adequate margin of safety against
overturning for both static and seismic conditions.
Although the resultant force is not located within the
middle third of the dam for the analyzed conditions, toe
pressures were calculated to be considerably less than the
allowable maximums for the dam's concrete and foundation
rock.

!.1
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SECTION 7
ASSESSMENT AND RECOMMENDATIONS

7.1 ASSESSMENT

a. Evaluation:

(1) Gravity Dam: The concrete gravity dam is
considered to be in poor condition. This is based
on:

i. The observed breach at the right end
of the dam that has resulted in considerable erosion of
the dam and abutment.

ii. The observed condition of concrete
surfaces, that showed significant spalling, deterioration,
seepage and leakage.

iii. The observed deteriorated condition
of the outlet works pipes and flow controls.

iv. The "inadequate" capacity rating of
the overflow crest using the HEC-1 computer program.

(2) Hazard Classification and Spillway Design
Flood: Visual observations of flood

plain conditions below Colonial Dam No. 3 indicate the
structure has a "significant" hazard classification that
requires a SDF of 0.5 PMF.

b. Adequacy of Information: The information
available on design, construction, operation and
performance, in combination with visual observations
and hydrology, hydraulic and stability calculations were
sufficient to evaluate the dam in accordance with the
Phase I investigation guidelines.

c. Urgency: The recommendations presented in
Section 7.2a and 7.2c should be implemented immediately
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7.2 RECOMMENDATIONS

a. 'Additional Investigations: Immediately retain
aprofessional engineer knowledgeable in dam design and
construction to:-

(1) Perform a detailed hydrologic/hydraulic
analysis of the reservoir and dam and make recommendations
on increasing the capacity of the system to make it

adequate.

(2) Investigate the operability of the outlet
works and provide recommendations on repair requirements.

(3) Provide recommendations on improving the
physical condition of the deteriorated gravity dam and
right abutment.

b. Emergency Operation and Warning Plan: Con-
current with the additional investigations recommended
above, the owner should develop an Emergency Operation
and Warning Plan including:

(1) Guidelines for evaluating inflow during
periods of heavy precipitation or runoff.

(2) Procedures for around the clock surveil-
* I lance during periods of heavy precipitation or runoff.

(3) Procedures for drawdown of the reservoir
under emergency conditions.

(14) Procedures for notifying downstream
residents and public officials, in case evacuation of
downstream areas is necessary.

~lc. Inspection and Maintenance: The owner should
develop an'd implement formal inspection and maintenance
procedures.

d. Orderly Breaching: In lieu of performing
the above recommendations, the owner should engage the
services of a professional engineer, knowledgeable in
dam design and performance, to prepare specifications
for completely breaching the structure, to make it
incapable of impounding water. The structure should
then be breached under the direction of the professional
engineer, in accordance with applicable state and local
regulations.
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APPENDIX A

VISUAL INSPECTION CHECKLIST
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APPENDIX B

ENGINEERING DATA CHECKLIST
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COLONiAL DAM No 3

PHOTO.U 2 OWST~EAM FACE
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COLONIAL DAM No 3

PHOTO 3 RIGHT ABUMETlREC

PHOTO 4. RIGHT ABUTMENT BREACH
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COLONIAL DAM No 3

PHOTO 5 BREACH FLOW

PHOTO 6 BREACH
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COLONIAL DAM No 3

PHOTO 7 BREACH DISCHARGE CHANNEL
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PHOTO 8. SEEPAGE
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COLONIAL DAM No 3
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PHOT 9- OULE ORSPIE

PHOTO 10 OTLE WRKSN PIPLES
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DETAILED PHOTO DESCRIPTIONS

Photo 1 Upstream Face of dam from left abutment,
showing parapet openings and right abutment.
Note debris in vicinity of the breach.

Photo 2 Downstream Face showing deteriorated concrete
surfaces and vegetal growth on dam.

Photo 3 Right Abutment Breach looking downstream.
Showing dam crest overhang.

Photo 4~ Right Abutment Breach looking upstream.
Note erosion of abutment.

Photo 5 Breach Flow as seen from below dam. Water
is discharging from beneath the concrete
dam.

Photo 6 Breach looking upstream showing overhanging
condition of dam crest.

Photo 7 Breach Discharge Channel looking downstream
from breach. Dam toe is at left of photo.

Photo 8 Seepage through dam on left abutment.

Photo 9 Outlet Works Pipes at toe of dam. Water
supply pipe above and pond drain pipe below.

Photo 10 Pond Drain Outlet showing broken and deteriorated
conditions.
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APPENDIX D
HYDROLOGY AND HYDRAULICS

Methodology: The dam overtopping analysis was accom-
plished using the systemized computer program HEC-1 (Dam

Safety Version), July, 1978, prepared by the Hydrologic
Engineering Center, U.S. Army Corps of Engineers, Davis,
California. A brief description of the methodology used
in the analysis is presented below.

1. Precipitation: The Probable Maximum Precipita-
tion (PMP) is derived and determined from regional
charts prepared from past rainfall records including
"Hydrometeorological Report No. 33" prepared by the U.S.
Weather Bureau.

The index rainfall is reduced from 10% to 20% depending
on watershed size by utilization of what is termed the
HOP Brook adjustment factor. Distribution of the total
rainfall is made by the computer program using distribu-
tion methods developed by the Corps.

2. Inflow Hydrograph: The hydrologic analysis
used in development of the overtopping potential is
based on applying a hypothetical storm to a unit hydro-
graph to obtain the inflow hydrograph for reservoir
routing.

The unit hydrograph is developed using the Snyder
method. This method requires calculation of several key
parameters. The following list gives these parameters,
their definition and how they were obtained for these
analyses.

Parameter Definition Where Obtained

Ct Coefficient representing From Corps of
variations of watershed Engineers*

L Length of main stream From U.S.G.S.
channel 7.5 minute

topographic map

Lca Length on main stream From U.S.G.S.
to centroid of watershed 7.5 minute

topographic map

D1
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Cp Peaking coefficient From Corps of
Engineers*

A Watershed size From U.S.G.S.
7.5 minute
topographic map

3. Routing: Reservoir routing is accomplished by
using Modified Puls routing techniques where the flood
hydrograph is routed through reservoir storage. Hydraulic
capacities of the outlet works, spillways and the crest
of the dam are used as outlet controls in the routing.

The hydraulic capacity of the outlet works can either
be calculated and input or sufficient dimensions input
and the program will calculate an elevation-discharge
relationship.

Storage in the pool area is defined by an area-elevation
relationship from which the computer calculates storage.
Surface areas are either planimetered from available
mapping or U.S.G.S. 7.5 minute series topographic maps
or taken from reasonably accurate design data.

4. Dam Overtopping: Using given percentages of
the PMF the computer program will calculate the percentage
of the PMF which can be controlled by the reservoir and
spillway without the dam overtopping.

'Developed by the Corps of Engineers on a regional

basis for Pennsylvania.
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HYDROLOGIC AND HYDRAULIC
ENGINEERING DATA

DRAINAGE AREA CHARACTERISTICS: Mostly woodland and

pasture

ELEVATION TOP NORMAL POOL (STORAGE
CAPACITY): 924.1 (23 acre-feet).

ELEVATION TOP FLOOD CONTROL POOL (STORAGE

CAPACITY): 925.7 (26 acre-feet).

ELEVATION MAXIMUM DESIGN POOL: 925.7

ELEVATION TOP DAM: 925.7 (minimum) 926.5 (average)

OVERFLOW SECTIONS

a. Elevation 924.1 (right) 924.2 (left)

b. Type Free overfall
C. Width 5 feet i
d. Length 39.7 feet (right) 13.3 feet (left)
e. Location Spillover right and left of center

f. Number and Type of Gates None

OUTLET WORKS

a. Type 12 inch cast iron pipe

b. Location left of center

c. Entrance Inverts + 899.25
d. Exit Inverts + 899
e. Emergency Drawdown Facilities Sluice gate

(inoperative)

HYDROMETEOROLOGICAL GAGES

a. Type None
b. Location N/A
c. Records None

MAXIMUM REPORTED NON-DAMAGING
DISCHARGE Parapet overtopped by 1.1 feet during storm of

4 June 1941 also by 0.5 foot in July 1912.

D3
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HEC-1 DAM SAFETY VERSION
HYDROLOGY AND HYDRAULIC ANALYSIS

DATA BASE

NAME OF DAM: Colonial Dam No. 3 NDI ID NO.

PA 209

Probable Maximum Precipitation (PMP) 24.2

Drainage Area 1.5 sq. mi.

Reduction of PMP Rainfall for Data Fit
Reduce by 20%, therefore PMP rainfall =19.4 in.

Adjustments of PMF for Drainage Area (Zone 7)
6 hrs. 102%
12 hrs. 120%
24 hrs. 130%

Snyder Unit Hydrograph Parameters
Zone 29*

CP 0.5
Ct 1.6
L 2.0 mile
Lca 1.1 mile
tp = Ct (L • Lca) 0 "3  2.0 hours

Loss Rates
Initial Loss 1.0 inch
Constant Loss Rate 0.05 inch/hour

Base Flow Generation Parameters
Flow at Start of Storm 1.5 cfs x 1.5 sq.mi.=2.25 cfs
Base Flow Cutoff 0.5 peak
Recession Ratio 2.0

Overflow Section Data
Crest Length 13.3 and 39.7 feet
Freeboard 1.6 feet
Discharge Coefficient 2.3-3.08
Exponent 1.5
Discharge Capacity 316.4 cfs

• Hydrometerological Report 33
Hydrological zone defined by Corps of Engineers,
Baltimore District, for determining Snyder's Coefficients
(Cp and Ct).
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r-OOD MFDBCGRAP. PACKAGE (HI-1)
"A.4 SAFETY V,'VERSION JULY 1978
LST MODIFIAION 26 FEB 79

A' NA7IONAL PROGRAM FOR TH :NSPECTION COF VON FMERAL 'AM
2 A2 FYDROLOGIC AND HYDRAUL:C ANALSIS OF COLONIAL NC. 3 DAM
3 A3 PROBABLE MAXIMUM FLOOD PMIUNIT HYDROGRAPH BY SNYDE'S MTMOD
4 B 30 0 5 0 0 0 0 0 -4 0
5 E1 5
6 1 9

l 31 1. .9 .8 .7 .6 .5 .3 .2 .1
8 K 1 1
9 K' DFLOW !-YDRORAPH FOR =.ONIAL NO. 3 DAM

10 M 1 1 1.5 1.5 1
il 0 19.4 102 120 130
12 T 1.0 .05
13 w 2.0 0.5
14 X -1.5 -0.05 2.0

75 K 1 2
16 K1 Rl4"ING AT COLONIAL NO. 3 DAM

18 Y1 1 23. -1
19 Y4 924.1 924.2 924.5 925.0 925.5 926. 926.5 927. 927.5 928.
20 Y4 928.5 929. 929.5 930.
21 Y5 0.0 2.9 30.4 116.3 226,5 360.7 516.0 687.4 877.4 1087.4
22 Y-51322.9 1583.1 1890.6 2324.5
23 SA 0.0 1.5 3.7 14.7
2S SE 878.1 924.1 940. 960.
25 S$ 924.1
26 $D 925.7 3.1 1.5 115.5
27 SL 5.0 99.8 115.5 120.0
28 SV 925.7 926.5 926.7 930.0
29 K 99
30 A
31 A
32 A
33 A
3,4 A

PREVIEW OF SEQUENCE OF STREAM NETWORK CALCULATIONS

RUNOFF HYDROGRA. AT 1
ROUTE .YDROGRAPH TO 2
END OF NETWORK

.-ZOD HYDROGRAPH PACKAGE "HMC-l)
DAM SAFE'TY VERSION JULY 1978

LST MODIFICATION 26 FE 79

RUN DATE: 12 MAY 80
RUN T.ME: 14.20.36

NATIONAL POGRAM FOR THE INSPECTION OF NON 'EDERAL DAMS
HYDROLOGIC AND HYDRAULIC ANALYSIS OF COLONIAL NO. 3 DAM
PROBABLE MAXZIUM FLOOD lV/UNIT HYDROGRAP! BY SNYDER' S METHOD

JOB SPECIFICATION
H R NMIN ZDAY IHR DiJN TRC UT PRT NSTAN

300 0 5 0 0 a 0 0 - 0
JOPER NWT .ROPT TRACE

5 0 0 0

MVLTI-P.AN ANALYSES TO BE PERFORM
NPLAN: ' NRTIO= 9 LFTrO= 1

'R=OS ,.00 0.90 0.80 0.70 0.60 0.50 0.30 0.20 0.10
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SUB-AREA RUNOFF C.-. ?TATION

uF1OW HYDROGRAPH FOR COLONIAL NC. - DAM

:sTAQ i0 ON .-TAPE JrT JMr. INAE ZTAGE .AI3TO
0 0 0 0 0 1 0 0

H?!DROGRAPR DATA
iG i G TAREA SNAP TRSDA TRSPC RATIO ISNOWISA E LDCAL

1 1.50 0.0 1.50 1.00 0.0 0 1 0

PRECIP DATA
SPPE PtS R6 R12 R24 R48 R72 R96
0.0 19.40 102.00 120.00 130.00 0.0 0.0 0.C

LOSS DATA
LROPr 34M DLTKR RTIOL ERAIN STMS FTi K STrT. CNMSt ALSMX RTIMP

0 0.0 0.c 1.00 0.0 0.0 i.00 1.00 0.05 0.0 0.0

U HYDROGRAP4 DATA
TP- 2.00 :P=0.50 NTA= 0

REESSION DATA
SrRXQ: -1.50 QRCSN: -0.05 TTIOR= 2.00

UNIT HYDROGWPH100 END-OF-PERIOD ORDINAT, LAG= 2.00 HOM, CP= 0.5C VOL: 0.93
2. 8. 16. 26. 37. 49. 62. 76. 91. 106.

122. 138. 154. 170. 185. 198. 210. 220. 230. 237.

243. 248. 251. 251. 249. 243. 236. 229. 222. 215.
209. 202. 196. 190. 184. 179. 173. 168. 163. '58.
153. 149. 144. 140. '36. 132. 128. 124. 12C. 116.
13. 109. 106. 103. .00. 97. 94. 91. 88. 86.
83. 80. 78. 76. 73. 71. 69. 67. 65. 63.
61. 59. 57. 56. 54. 52. 51. u9. 48. 46.
45. 43. 42. 41. 40. 38. 37. 36. 35. 34•
33. 32. 31. 30. 29. 28. 27. 2T. 26. 25.

o DND-OF-PERIOD FLOW
MC.DA HR.MN ERIOD RA ECS LOSS COMP Q MO.DA HR.MIN PERIOD FAIN EXCS '. 01O4? 1

SUM 25.22 23.3 1.88 248328.
46.) 593.)( 8.)( 7031 .37)

-YDROGRAP- ROUTING

ROUTING AT COLONIAL NO. 3 DAMX

I'TAQ :COMP MECON ITAPE JP'.T JPRT LWAE STAGE :AUT
2 1 0 0 0 0 1 0 0

ROUThNG DATA
QL0SS COSS AVG IRES :SAME 1OPT IPMP -S-R

0.0 0.0 0.0 1 1 0 0 0

NS'PS .NTDL LAG AMSKK x T STORA :SPRAT
1 0 0 0.0 0.0 0.0 23. -1

STAGE 92".10 924.20 924.50 925.00 925.50 926.00 926.50 927.00 927.50 928.00
928.50 929.00 929.50 930.00

FLOW 0.0 2.90 30.40 116.30 226.50 360.70 516.00 687.40 877.40 1087.40

'322.90 1583.i0 1890.60 2324.50

RFAC AREA: 0. 2. 4. 15.

CApAc'Ty:' 0. 23. 63. 235.

=-.-VATMN: 378. 924. 940. 960.

zRE SFWID COQW EXPW L-VL QL DAREA MML
924. 0.0 0.0 .0 .0 0.0 0.0 0.0

DAM DATA
T0p-. MCD -XPD DAMW1:
925." 3. .5 -6.
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1 5. 100. 116. 120.
AT OR BELOW
ELEVATION 925.7 926.5 926.7 930.C

PEAK OUTFLOW IS 32'A. AT , E 17.58 HOURS

PEAK OUTFLOW IS 2947. AT TIME 17.58 HOURS

PEAK OUTFLOW I5 2619. AT TIME 17.58 HOURS

PEAK OUTFLOW IS 2292. AT TIME 17.58 HOURS

PEAK OUTFLOW IS '964. AT TIME 17.58 HOURS

=AK oLr IS 167. AT TjE 17.58 HOURS

PEAK OUTFOW IS 982. AT TIME 17.58 HOURS

PEAK OUTFLOW iS 655. AT TIME 17.58 HOURS

PEAK OUTFL.OW iS 327. AT TI.E 17.58 HOURS

PEAK 7.=2S AND STORAGE (END OF PERIOD) SUMMARY FOR MULTIPLE PLAN-RATIO ECONOMIC COMPUTAIONS
.LOS IN CUBIC FEET PER SECOND (CUBIC METERS PER SECOND)

AREA IN SQUARE K= (SQUARE KLOEERS)

RAT1S APPLIED TO FLOWS
OPERATION STATION AREA FLAN RATIO 1 RATIO 2 RATIO 3 RATIO 4 RATIO 5 RATIO 6 RATIO - RATIO 8 RATIO 9

1.00 0.90 0.80 0.70 0.60 0.50 0.30 0.20 0.10

LDROGRAPH AT 1 .50 1 3273. 2946. 2619. 2291. 1964. 1637. 982. 655. 327.
3.89) ( 92.69)( 83.42)( 74.15)( 64.88)( 55.62)( 46.35)( 2.81) 18.5Z)( 9.27

RoiT 10 2 1.50 1 3274. 2947. 2619. 2292. 19614. 1637. 982. 655. 327.
3.39) 92.71)( 83.44)( -4.7V)( 64.90)( 55.62)( 46.35)( 27.81> 18.54) 9.25)

SUMMARY OF DAM SAFE".". ANALYSIS

PLAN INITIAL VALUE SPILLWAY CREST TOP OF DAM
.EVATION 924.1C 924.10 925.70
STORAGE 23. 23. 26.
OUTFLOW 0. 0. 280.

RATIC MAXIMUM MAXI.M MAXIMUM MAX" DURATION TIME OF TIME OF
OF :ESERVOIR DEPTH STORAGE 0UTFLOW OVER TOP MAX OUTFL.OW FA.Z..,E
. W.S . T OVER DAM AC-FT CFS HOURS HOURS HOURS

1.00 928.97 3.27 32. 3274. 14.75 17.58 0.0
0.90 92E.7U 3.04 31. 2917. 14.25 !7.58 0._
0.3c 928.50 2.80 3' 2619. -3.50 17.58 0.0
C.70 928.24 2.511 30. 2292. 12.33 *.58 0.0
,.6C 927.98 2.28 30. '961. .1 58 0._
0.53 927.66 1.98 29. 163. 10.33 1.58 0.0
0.30 92.01 1.31 28. 982. 8.00 1".58 0.0
1.20 926.58 0.88 2-. ;5=. 5.83 .58 0.0
0.10 925.86 0.16 26. 327. 2.17 .,.58 0.0

l
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APPENDIX E

PLATES *
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LIST OF PLATES

Plate I Regional Vicinity Map

Plate II Plan Showing Topography Below the Dam

Plate III Cross Section of Dam
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GEOLOGY

Geomorphology

Colonial Dam No. 3 is located in the Pittsburgh Plateau
section of the Appalachian Plateau physiographic province.
This region is characterized by essentially flat lying
strata at an altitude great enough to have permitted deep
valley cutting by streams. Colonial Dam No. 3 is located
along a narrow steep sided valley formed by Washwater
Run, a tributary of Redstone Creek. The confluence of
these two streams is about Elev. 810 ft.

Structure

General: The axis of the Lambert Syncline lies approxi-
mately 0.3 miles west of the dam. This syncline trends
N14°E and plunges to the northeast. This syncline is
typical of the alternating series of broad anticlines
and synclines which characterize the Pittsburgh Plateau
section. Based on estimates obtained from the "Coal and
Surface Structure Map of Fayette County, Pennsylvania"
the rock strata in the vicinity of the dam dip to the
northwest.

Faults: No observations were made that would indicate
faulting in the rocks outcropping around the dam site.
In general, only a few evidences of faulting have been
observed in all of Fayette County.

Stratigraphy

General: Rocks outcropping in the immediate vicinity of
Colonial Dam No. 3 belong to the Uniontown Formation,
Monongahela Group of Upper Pennsylvanian age; and the
Waynesburg Formation, Dunkard Group of Permian age.

Waynesburg Coal: The Waynesburg Coal is the lowest bed
in the Dunkard Group. It is often used a the markerbed
to separate the Dunkard Group from the Monongahela Group.
It outcrops at approximately Elev. 980 ft., or about 55
ft. above the reservoir surface. This coal is multiple
bedded and about 5 ft. thick. It is separated into 2 or
3 benches by gray clay shale or plastic clay partings.
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Arnoldsburg Sandstone: Rock excavated at the embankment
foundation was described in the report cited in Section
2.1 b(1) as a sandstone overlain by a shale. The
sandstone is believed to be the Arnoldsburg Sandstone
of the Waynesburg Formation. This stratum has been
described as a medium grained, soft gray brown sandstone
occurring in thin to medium beds. Its thickness averages
10 feet in this area.

Uniontown Limestone: The Uniontown Limestone of the
Uniontown Formation lies immediately above the Arnolds-
burg sandstone. The limey shale beds at the base of
this unit are believed to be the shales noted as occurring
above the sandstone in a report cited in Section 2.1a(2).
This unit averages 15 feet in thickness.

Upper Benwood Limestone: This unit occurs stratigraphically
below the Arnoldsburg Sandstone and is composed of a
light to dark gray fine grained interbedded with clay,
limey shale and sandstone. Its average thickness is
50 feet.

F2

k .... , ,



- -- ~ / IPPd _ _

- -- P ~Pd A - J i.dgr

-l - .__ _ __ _ _

_____

I . ?
/ 90 ,,

FAYETTE~~~ ~DA SI~QARAGE AYTECUTYPNSLAE
0 lIZ Mit.

SCAL 1:400
COTUvNEVL2 T AU SMA E EE

094

V,



iCOLUIANAR

m~sroc~m Qg..AcuA ourvasoi, Rve TERRAct

UPE WA~oGO umESTONE

A. G T~6N1Oe COAL

~VAIHSSG SANDSTONE

Wa"E5ull COAL

UNIONTOWN SANDSTONE

ta .

WTS* SOTOE

- - MORAWfOWN SANDSTONE

- £AMES LJfEWON

- MAH4ONFNG SANDSTONE

UPPER FREPORT COAL

UPPE KITTANING COAL
z

WOWN4iNgTON SANDSTONE

LOWR Wr?ANNWG COAL

HME&~WOOD SANDSTONE

MNER SANSTONE, SH4ALE Sk COAL

COtdtaOGUENUSa4B SANFOSTONE

f

SURGOiN SANDSTONE

SEREA SANDSTONE

DATE: MAY 1980 JCOLONIAL DAM No.3

SCALE: NONE 1NATIONAL DAM INSPECTION PROGRAM jGEOLOGIC
OR F K-7PP A- C. ACKENHEIL & ASSOCIATES, INC. CLM

- I CONSULTING ENGINEERSjjPrrSBURGN, PA.. CHARLESTON, W. VA. & BALTIMORE. MO.
115% AL**Nt.E .. . S.1. .4H., IA. F4



APPENDIX G

STABILITY ANALYSES



LIST OF ANALYSES

Analysis Page No.

Department of Forests and Waters G2

Sliding Stability - Existing
Conditions G6

Overturning Stability - Existing
Conditions G19

GI

.1
II "I I L .-• • -G1



fm aauinseme as aotLau o~aiet~ou rs

1 1I&A Of 210,6007, thk*U am 14-5 rad per zub!Aot

2 - Ma borllsnt. prearn., of 12a vter a.1.u tat vunrtIa

vme fwe of the dam, orlh voe at eleation "" -L

3 - Upoar4 woer rosz.mo ccthe bae oonsidared as 2/3 Ua

tn to the hb4wost ia hand, aplid at the hel, aoarvoaiw uifO2m13

to -3- at %- too azA actize I/S ft*e diztoo ti the oal to tW m

4 -80 Lee nation, the 11p of the -. 1UW beinC romiod me

that We. akct 0OIzSa to Lt.

the cyerflcwv sontion of the 4w vis L-vise1ir-lbod, it belint m*w

aw weto conit lor t'zan the section oontairng the parapetS. The

finoe, unuz et4. SCUM on this dai at Various elevations a-- MO

Sa hefolowaCtabiulwon'-

T A 3 L 2.

(1) - laoewtior of cL--t. 925 922 906 9W0

(2) - Moation vatmi uvwfoe 926.5 926.5 M2-. 93"

(3) - Up t of dm 9a6 MX 9 Ut

(4) - Vidth at elevation of (3) - L ft. 55 5 5

f '0.

,T) - lower am Of EMOV7 &Lou% USA&M -I~t. 4."5 4.84 1." 13.56

(8) - Upad ;roomr* ef wder - In lbe. 14o0 510am U11W
- am

09) - Zar u. abollt" Ss - n "t. 51/ 7 1"39 2/5 ISO

(3fi)- soet ofl %,ia...p (6) - (a) La r". 4205 lW 14740 AM"

J, 22)Nlve or Irne ' action ef 110) trw. "o. 4.44' UW5 5.74 1&10

(00- issusa presur of afert in I. 800 am0 is= Aim

*(341 -6r ano at 0) abu we* so" 3.46"6oo

(361 -ftM= presw as Ii.* L6 n 4M U M SSW

o~ G2

-'now



(I)- DLata.:3 ftn u±iddla third (- Indiat.e
*ad 051 0.13 -043 00P1

(17) - Mtca overtn1 ivSat -ft. lb.. 260 L1720 Li.W 53C40

('58). - - "Ss.~ 96 94M 7§ 5.'PW 11000

(i)- atic 6 2.M7 1.76 low6 LOW

at0 - 0 ......... so 5.6 248 1.O Z.06

Jim) - at" ..... (--)/ (IO)0O .106 .6 *To

(?"now%~eu at U0, ftworroiz full -To
per se. ft........... ........ e .42 .... .... * 1.ou

(23) Pesur &t %inal, 3wervi opt7 - ton

Undr the ahore conditions, w~th the ree.rwoir full, the rean t

mas the joints investigat Inside the middle thiz( ;oiut, with am mptica,

UNMS otuft 9M, Wbgre It fal 00.3 ft. outaide. bhew,., Por &"etuin 900

Iis Ia a~4 well Irai~s. For reaorwaij uq the resultan Jr iothin tbo u-4i

thiu, with the esptioa CC the j~oint at alevation 900, where It is 0.25 ft.

-eftsad. Zo tmnion asse b the above Is p .cti13 7 ngligible. UM 19

intLictes the ratio of resistire to overtmrniLt aete. ad@o the tactor of

ar'6- posesa by tOn bectla a6%1=+. roation aheu.. Ito tas.

Ux 1~ abomw the ratio ar hewisen@6 to vertical fwceo, wdInd--

osihe. the resitaftwe of the section to sliding CM the Uehee Tho sludva VoMw

an The too is 14%1 tots Inr squarea foot, with the meeevair fal, aM on tin heel.

2.01 tons per square foot, vith the reservir wwpt7g Whish are vwr mode. ZU

Uw 21 it is soe thet for the Me'. ian Lt 616ot= 900, 1110 mt of %be suCIO

a* ts"ia the rawiteat =Wt the ba8 se pa . t er them an~oelep ILtiGtlag tbet the

4= is aboat to .114.0 an It* base. 2hies 1&60t &oenit~ ft 4 qMN1d WA0~

ow the Uwe, eVft tbau& UL0 ftwadtia vuon aMed Lod.7 1Itthe mo

OUhem ewustsWS44 It Marl"nSo MW ptreve TAI ft~lope V tie Sms w

to -r M j~mk ftess Th b bee In w SiAM. the Oeta is

* G3



- ~ 4 /go./f,44

I **

$'7 If'1...

K ~ ~ ~ ~ i' a/ t.z: --

- t:: 1 ___ j% r ~ 1 7 I'

*b a. doe

C- -A * - -

~~1 ~ ~ ~ #'*t' Aw. -- -,

W. P.3< '

_ _ _ _ _ _ _ _ _ _ _ _ _ ~I_

f. 2N,- I-*

-L - . *,~.5 I a t~ I J. W 8

JG 14



~- ~-j'.; 40'.1 ' ,04,p ,1,/-

-71

W- fl.CO)..:' , &. ,- I P0

J . -7. J4 ( ' o

I-..

-NE :77~Lj.*.oce -

* I '* .- .~- - . 54 -- 7-,- -
- -_7

1. *~-- .. ~A~oc~ V..* s--. A

a A011a -

* . z zj --. '~ Is

G5 ? -



Shoot ____ __at _______

ACKENHEIL & ASSOCIATES Job QLO3JllL LL.-A L-0 J. JbNo. -7___
GEO Systems,. Inc.

1000 Banksvile Road Subject_________________________T__

PITTSBURGH. PA. 15216Sujc LtI3, 1)Lr
1412) 531-7111 Mde %,J Date 4I~~CiteCed S'"Date tq/,f~

CC

V 'I

G6



Sheet at

ACKENHEIL & ASSOCIATES Job job________________ Jo
GEC Systems. Inc.

1000 Banksvilie Road Subject_____________ _____________

PITTSBURGH, PA. 15216
(412) 531111 Mae8l96~*1 /l h~e- Date f_______

LjIEL- T

iirV1Il -

G7



Shoot ______a ______

ACKENHEIL & ASSOCIATES Job _______b__No._

GEO Systems. Inc.
1000 Banksville Road Subject_____________ _____________

PITTSBURGH. PA. 15216
(412) 531-7111 Made 14.7;Ec-ate4 I2/JCheCkIed SC" Date 4/IZ?180

AJ6W7 Y MM

5E 30 A-A Aveo Cnrre4--= '2(2) -- /2(24) (s+ 17

VOL~fA - n COJQ12ET'E

LaEl(=TI-4 A VL6

- r S W=F -F I-~

LEaJ164 A J=i 1 5 1-1 L=- T= 4F

vA,-s Ws =2

* Ur~ A.

G8



Sheet f

ACKENHEIL & ASSOCIATES Job __________ Job NO.719 IS:31
GEO Systems, Inc.

1000 Banksvidte Road Subject____________ _____________

PiTTSBURGH. PA. 15216
(412) 531-7111 mod 921 os/l6Checked ____ Dot* _____

VJ 11W 6 = I22
Ac- -z2 5F

-.- ES2iz~ H&4S Lo Err-&cr a3 FIJ LLsj$fez

G9



Sheget 0 of

ACKENHEIL & ASSOCIATES .Job ___________ o t) No
GEO Systems. Inc.

1000 Banksville Road subject_____________________

PITTSBURGH, PA. 15216 Sbet_______________________
(412) 531-7111 Mc T- ot,16 Ce~o CM Dt

A-ln~mph~n: ie%,qry orvi4razve &brrn

DM--I -br ryms5zrc~- cr) cleon
.S cJ r-nxZ. 'SeecTjb i- i o- i.

Sircb Iec,)+h hacs ro re-sisfince

LEIJ6-ri-cA -pl-F -tiS; --
~Ec&.~ a4.ri, rnii- = msr ci' -Pu11 - (2A(o5)i7

e~r e-h -er C +)-- L)A -=-

GlOz



Sheet o~ f 1

ACKENHEIL & ASSOCIATES Job__o__N___-_to
GEO Systems, Inc.

1000 Banksville Road Subject
PITTSBURGH, PA. 15216

(412) 531-7111 Mode hecMd -- ; Dote /z/

~~~~ -'2-~'~ (1=~: 24 (z S) )K

LEPCT (--: .

&Se- Len. .A (04 64.1~ (1g 5

A o K4e- r La r3F7V

Pip (C) 14- V-a ILt 4- L 'Z53-
. .-.. . - . . . . . . . .

Gi

Ege- Ie nrrn ILini 1 JC~h-1-



sh~eetl o f

ACKENHEIL & ASSOCIATES .Job _________ _ Job No

GEO Systems, Inc.
1000 8ankSvile Roaa Subject______________ ____________

PITTSBURGH. PA. 15216
(412) 531-7111 M~~Y-C oe4/6j-~hca Date -q 12 /9L"

A

Up ai 4$.4pI(2)

- B54k- i(o4i4-- il2su

(7-12



sheet -7 1

ACKENHEIL & ASSOCIATES -jot) j__________ .o b No -712
GEO Systems. Inc.

1000 BanksvilIe Road Subject_____________ _____________

Pfl'TSBURGH, PA 15216
(412) 531-7111 Moe8..o./1.Chckeo-.-' Date __1271_0

12--i-L CAs Z 4s.,4 c)c C-r 43pcf

f-s- over'

(1) 14 (14

(2Z) vZCT7K.

C113



AD-AO7B7 938 ACKENHEIL AND ASSOCIATES INC BALTIMORE MD F/9 13/13
NATIONAL DAM INSPECTION PROGRAM. COLONIAL DAM NUMBER 3, (NDI NU-,ETC(U)
MAY 80 J P HANNAN DACW31-80-C-0026

UNCLASSIFIED NL

2IIIIIIIIIIII,,fllflf



Shet et P af i 7_

ACKENHEIL & ASSOCIATES Job Job No..__ _ 6GEO Systems, Inc.
1000 Banksville Road SubIOct

PITTSBURGH, PA. 15216
(412) 531-7111 Mae* gk Doate. -6 Ch*l-ed- Dote 4/2 7/80

_ (1) Top oP; 1:i-l7el

e2.) 5' obove pamp-ek

. ... ILM -OS Cecr .- )e

(0 Paa LEVEL L T OF RQMPIE

LEJ6-- A- vZE Z.

-1r ~(624 (12 Sk~

. F9- .4_) ( .

I.FxLEL;rt.i t'-D - v2IZ.

G1J4-



Sheet g *

ACKENI4EIL & ASSOCIATES Jiob __________~N

GIO Systms. Inc.
1000 Banksville Road subject______________________

PITTSBURGH. Pk 15216Sujc_____________ _________

(412) 531.7111 Ma*==&Dote 4jZ&A1ACheClmd e,0 Date 4~/j7/40

LLijLTLl4 A-San 0 EiJr kE-f2(45-4)=o.9 0,5

I5A 4 (2()? 4 z

'- L~ s r

- Zf-ZhY43.4 C-0,

G15



ACKENHEIL & ASSOCIATES Jab job______ _wJab

GEO Systems Inc.
1000 Banksville Road Subject

PITTSBURGH. PA. 15216
(412) 531-7111 Mde O 00tA Checked ;c-on Date 4q/27 /9v

(Z) P)OL LEVEL-u- S V 1=P 07 ;M32LPC
Lm'..i A- WLrE 'L

.frU - AL (662.4 H.S)z=

.......~ as Y. r ., -/ or

- -~(6.4(33s) -3s .0

- bZ .b VILWf Z-LCr

J6



S h* t 11 af Jv ..

ACKENHEIL & ASSOCIATES Job jo_________db N.____
GEO Systems, Inc.

1000 Banksville Road Subject______________________

PITTSBURGH, PA. 15216Sbjt_____________ __________

(412) 531-7111 Maoe lv%.. D te -4/A h .. ckea.- .... Date .V/BO

PETYFo~ Fna 3IJ5- 0:i-? -

r-bL c& o~v $~=

- -~2-z -7V fZz-2, Z'c-) 4~ c3c

A 11-9: 0(.8,)& v7 +43O3

~+ :53, 3

S41-E 6C~j4'LJSr SLiiOiL-)C. F;OILJZE1.

G17



Sheet ______ of _____

ACKENHEIL & ASSOCIATES Job ___________ job NO._ ___
010 System Inc.
~~~1000 Banksville Road Subject____________________

PITTSBURGH. PA. 15216Sujt____________ __________

(412) 531.7111 Made 8Ig.Date 5J~LC*C~S- Dao=&9

T~WC t2l EL9 ,

*G1



ACKENI4EIL & ASSOCIATES job C..O 0 ,AL job~ No. 2 .i. ifi.

GEO Systems. Inc-
1000 Banksville Road ________ ________ ____.___ _______

PITTSBURGH. PA. 15216 Sbet~~W 9~I~A~

(412) 531-7111 made By-a, DaeL/L U/ftee L OjQ ate ____

2, El. .2 q

6-4'

Crs. ond- -

*11 .31

I-T

* jt~2; £~.L

- d..A.

~~~~~3~~P wJAIS~~:,O-

.. ~ ~-0 .4-a -

P G19 _



sheet 0 of

ACKENHEIL & ASSOCIATES Job __bNo. W S7P HGEO System Inc.
1000 Banksville Road Subject

PITTSBURGM. PA. 15216 S t _ _ _/,_

(412) 531-7111 Mode By ,G-' Dote'_ /2e/8Checksd rig Dte ;(.!...

*~~~s I _ 7_

-A,

" '/z ,2.".4' :;r r 1 ." r 000

- - - . .xo _q-_r w: iO

.. . $ S 7 SJ7, 1i z.3 ,s -... . .. .. .. . .. . ....

Z. .i._ .40 7,s,I 09 _J,.t _LB7j.j --_

d~ I4{ 580) '~~B~4O _0

.. 20

,_ G_2 ,., .~o o o, 0 o ... .., .. .... ..



Shoot 3 of

ACKENHEIL & ASSOCIATES Job ________________ JobNo.
GEO Systems. Inc.

1000 Bariksville Road Subject_ _ __ _ __ _ __ _ __ _

PITTSBURGH, PA. 15216Sbjt_____________ __________

(412) 531.7111 Made By Xi'p"ODte 4n//nsa ChoCkd~.as. Dote Z/

XV

CA.S .E2 ' r W F - ______ -.-- -.

2 e 42* CAc.s.r -I-) j -Z8 - AA . -J.-.-- -- 4----*--- -- -

p-4q 7  J3 7-. t SI#s 7 2 7:

~P3  hu Z2. 4 7r_ Z .4 ps x ~ P r I'. 4.2 ps

-u z - & 3 7 . W ' 1 2 3 ' , r o r ~ .. 5~ -

- Fj2 hL.-LPL q-(7/(1@_Z.:77374-4) : /Z(75" /9 _

%-. pl. ' 1 a (782.7,: es - e

.1 G21



Sheet of t,

ACKENHEIL & ASSOCIATES Job job No. 71/?3 H
GEO Systems, Inc.

1000 Banksville Road Subject
PI"SSURGH, PA. 15216

(412) 531-7111 Moa By X-M. Doter/ff"/ Checed Dote _'/___'_

1 z pu0 ., .3 . z. q4. -7 ,#

... ./- p - p , or- 4, - .77s /P . . ... . . ..... . .

-_: _! -- ,.;-8 .s .... --- - -... .....--- -- ----------------

__ - __._ _ Z r. 7 5-. -P-,

~kZ~............~~2j~I ,- - T..........

LiX4. .. I ~ ~ 4

- ,: 't_ -z _'C- z.o-
- F 1= / . ,' / , ) -, ... -~ - .. . ..

JJ

G2 2
9I



Sheet _ , _ of

ACKENHEIL & ASSOCIATES job job No. 7q , /
GEO Systems, Inr.

1000 Banksville Road SubjectPITTSBURGH. PA 15216
(412) 531 7111 Mode YSl Dote .. . . ... eche... ... . .... . .Date ....

F _s. 0 vEA o.'AN .._ 4V1.* .. ..... .........

-.= z -, - /7) ** ' F A -__ _-. ... _- - .- - -~ _-

I -1.-

"_ '  L oo. ) "" -4- -

_ _____X_ _ W ..

- -- _ _-."___--__•

1 22 .,3 _ 27 o: Z. 37,,s eq,..-4.

- _ '1 _8 ( 7 q 7! o / , __ __.. . . . .. . . 23 _ _ _ Z 3 , .S _ I 3 S .,a o

3x d 8 IZ7 GQ Q~ 9r r- 8 2 77r A

T _ - __I WI Y

.. .. i~2 - I10 1.. ................... . .. . S.. - -- ,

.I Z 9 _-7_ C - -

-2 -- - -- _G7--- 391 -Z3_ -3S-?OZ

G2 3



ACKENHEIL & ASSOCIATES Job __________ job No. -70 A
GEO Systems. Inc.

1000 Banksv)ie Road ___________________________

PITSBURGH, PA. 15216Sbjt_____________ __________(412) 531.7111 0 Oat

rp 2 O0Ix P-0/Z 2- A

62. 'q 4

X/, 'K Iq 4 X-_7,9__2-

/977 /0 0,7

F.51 .7 L 2 (

3~ 3-0.9 4 1-

II

- G2'4



Shoot o ft

ACKENHEIL & ASSOCIATES job Cen. L- ~i~. 0,1 No. 3 job, NO. 79'.S /--?t
GEO Systems, Inc.

1000 Banksville Road Subject________________________________

PITTSBURGH, PA. 15216 SbetRs.,s ~~eLC.7C.
(412) 531-7111 Mod* By S" Dot e 4 /Z9/80vheCIedL.3.. Date

F - -

42a4, 704~ 234~7 3,--s- q.3-"

213 Z13LI ~ e

4 08 21 4

F 1l

2~. & ~Z. 2- e02 813 - I'T= sIsi~

~2. 9.9 ol Z 7-B/ ____

8.' f-97~ c------ .> /0-4 7 Arr. Aseve

G25



Sheet 4 of 3

ACKENHEIL & ASSOCIATES Job __________job No. 17'.
GEO Systems, Inc.

1000 Banksville Road Subject_____________________
PITTSBURGH, Pk. 15216 Suje _______________________

(412) 531.7111 Madeayvo Do Dae4_/28 leChced.... Date 1/~9

x. 12.,

- ~~~~ ~T -- -- - _ - -- _

G2 6



ACKENHEIL & ASSOCIATES Job Job No. 7 9
GEO Systems, Inc.

1000 B nksville Roadc Subject

PITTSBURGH, PA. 15216
(412) 531-7111 Mode By &' Date z/2O/8Cecm.4EJ_.. Date

0 -

FO.-" Fr a.O; E -- 4 - -

- --.-.--- .- - -. _ _ _=_-

- , 7 4 -0-2,

--.- .l-S -. o ; -.-.--... I......

44- 4- 2.. oz- -

C7.Z .. ..

27.. .. - .- -- .. ..... .

. . . . . . . . . .. . . .. .. .. .. . . .. .. . . . .



sheet a...... f .

ACKENHEIL & ASSOCIATES job _ __________ job No. 7q/'.Srv
GEO Systems. Inc.

1000 Banksville Road Subject___________________

PITSBURGH. PA. 15216Sujt____________ __________

(412) 531-7111 Mad By~" Date ES/t/ eeied Date 4.... Dot

- o 8 rw. AAF 44 J7rlprf" , 7-H/wJa ,- ep &SE

EXAM NC~b FOAt 770 5 .P4~~$ -L-- ~

kv~ pr. ~ ~ -

__ 0__ 4__ 3. Kx A

C AXEW V a2.7.~ 4 0-2 P- - ---

?1- 7, 7 1.0

___ 4 ~ _ G28



Sheet 5-____ 1f _______

ACKENHEIL & ASSOCIATES Job ___________ job _____

GEC Systems Inc.
1000 Banksvili Road Subject____________ ____________

P=~SBURGH. PA. 15216
(412) 531-7111 moos By 601 Dot* 7'8~ehe~~j.. Dot*

1,6. . /J.33

77 z z .

x -Fp3--

Z fry. -.- IMP, ~ ~ F-

97.7

- -~ gopore --

2-417. _3_ - ./ -

It
L. ;7 2. 2. .. ~' 6.P'* 4 3is

G29 __ _ _ _ _ _ _ _ _



ACKEt4HIL ASSOMtATES Job 7 q N..
0(0 systen. Inc.

1000 smnisvtle Roada-ig 'rl ," -- v*cro*A&
PITTSBURGH. PA- 15216 utc P & t? idl 4

(41.2) 531-71)11Meg 1 ~t~A /~es~~Dt

2. s'.

AL Z4' 0 7

2 4

z A A -

J - -

__ _-

- G 0 __ __ ___ _ __ __



fACKENHEIL & ASSOCIATES .Job _________Job No.71,5
SW syusm Ift.

1000 BanlcSvie Road subject___________________
PITTSBURGH. PA. 15216Sujt_____________ __________

(412) 531.7111 "S Sy Dt q-/tfhClmd.~ . Date

VAL~irEf 9 A'7RiG L.w^

p I*.,q7p__ _ _ _

~p~fww~sF. -----

- IF

-- ' Lc-s I

_____ G31 _ _ _



$eet f • f

ACKENHEIL & ASSOCIATES job _ 1fob. 71/-"f /2,
GEO Systems, Inc.

1000 Banksvilie Road Subject
PIMrSBURGH. PA. 15216

(412) 531-7111 Mae By C&.. Date coke,-- Date .0 Dao

4 " __

a /r0 "1 0 "77

, o : w~is. s.-1 - 2:.,,8q '- , . 7"

l~

. ... .. . .. ft . .. . .. , =

-~ ~ X y , _7 v4 ,,.F',- Y_
- 13,33 S-^ K -- - 7- Z L

/Inv& I SIC

ft,. = /9,3- 4 a /3r.33 -" .. r-" O. " _ /'Z C.k? ....

!~

_ . ___ - .q q•G32 --



Shleet 4 a.f

ACKENHEIL & ASSOCIATES Job j__________.ob~d ____,

ego Systws. Imc
- ~~PITrSBURGH. Pik 15216Sujo____________ ___________

(412) 531-7111 umas- D~4C-J-~e~ D etelA

X4 P

-F FL.s V F s __

A1) V 4A.. 16,

( 02 2 /0'9 t r

7~ ~ - -2

G.3



sheet at

ACKENHEIL & ASSOCIATES job .JobNo
GO Systems, Inc.1000 Banksve Roa Subject

ITTSBURGt. PA. 15216(412) 531-7111 Moee by 5 " Dot* lj- CAft C c Icwr . Daete /

44f 7. (a

a cS.77 - S9.S6 .33

, E7. (w ISe'a F Jse8 psc. 27.(? 'rig

-. O F  - ... ,'.B..

E" G G.:I, "4 .A . -,

(0 Io . 77 .. .
... . . . 2 2 .3 W . . .. . . .. . . . .. .

- G3_ _ _ 3 7-__

/I~~~~~ Z 0


